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Smoke condensates from three major smoking ingredients used for traditional Chinese
smoked large yellow croaker and chickendblack tea leaves, bread flour, and cane sugard
were obtained in a laboratory. The aim of this study was to assess the influence of the three
smoking ingredients in the volatile compounds of smoke condensates. Seven main peaks
were detected using chemical standards and 73 compounds were identified by gas chro-
matography and mass spectrometry (GC-MS) for smoke condensates. The smoke
condensate from three mixed ingredients contains a high percentage of furfural (46.08%
area), 5-methyl-2-furancarboxaldehyde (16.92% area), 5-hydroxymethyl-2-furaldehyde
(4.17% area), and caffeine (11.86% area) in the volatile profile. Phenolic derivatives
(phenol, 2-methylphenol, 3-methylphenol), furan compounds (furfural, 5-methyl-2-
furancarboxaldehyde, 5-hydroxymethyl-2-furaldehyde), and caffeine are the major vola-
tile constituents found in the smoke condensates. Each smoking ingredient contributed
some major volatile constituents. Caffeine mainly derived from black tea leaves was found
in the smoke condensate for the first time. Nitrogen-containing pyrazines were mainly
found in the smoke condensate of black tea leaves and bread flour.
Copyright ª 2013, Food and Drug Administration, Taiwan. Published by Elsevier Taiwan
LLC. Open access under CC BY-NC-ND license.1. Introduction compounds of smoke, including the type andmoisture contentThe smoking process can lowerwater content and activity, and
also produce a pleasant taste and appetizing color in smoked
products [1]. Some smoke compounds, such as phenol de-
rivatives, have antioxidative and antimicrobial properties for
preserving smoked foods [2]. Several factors influence theiwan Ocean University, 2
ministration, Taiwan. Publof the smoking ingredient [3], the temperature of the smoke
generation process [4,5], and the air present during the gen-
eration of smoke [3]. Traditional vaporous smoking methods
cannot adequately control the smoke intensity in food. Liquid
smoke can quickly form amore reproducible, consistent flavor
and color than conventional smoking methods. SmokePei-Ning Road, Keelung 202, Taiwan, ROC.
ished by Elsevier Taiwan LLC. Open access under CC BY-NC-ND license.
j o u r n a l o f f o o d and d ru g an a l y s i s 2 1 ( 2 0 1 3 ) 2 9 2e3 0 0 293condensates have a better ability to penetrate food and have
the identical smoky characteristics as conventional smoked
food [6]. The liquid smoke process eliminates smoke-related
pollution, as well as the formation of carcinogenic polycyclic
aromatic hydrocarbons (PAHs) [7]. PAHs could be generated
during charcoal grilling, roasting, smoking, and even the pro-
duction process of tea leaves [7,8]. The traditional smoking
process of smoked large yellow croaker and chicken may also
lead to PAHs on a smoked product, because both food products
are smoked by intense heating of amixture of black tea leaves,
cane sugar, and bread flour.
Large yellow croaker (Larimichthys crocea) inhabits coastal
waters and estuaries in southern China, and it is a seasonal
migratory species. This fish is an economically important
species and a specialty in Mazu, Taiwan. Large yellow croaker
is usually deep fried and then smoked through the intense
heating of a mixture of black tea leaves, cane sugar, and flour
for about 4 minutes. The chicken is usually simmered and
then smoked by the samemethod. The smoked fish or chicken
is then brushedwith a thin layer of sesame oil and served. The
organoleptic characteristics of smoked food products are
affected by the mixture of ingredients imparting the favored
sensory acceptability [4]. Traditional smoked large yellow
croaker and chicken have a good reputation for their special
smoked flavor. However, there is no agreement about which
ingredients contribute to the desired sensorial properties.
In addition to cane sugar, black tea leaves and bread flour
havingbeenwidelyusedforsmokingfishandchicken inChinese
cuisine; the compositions of their smoke have barely been
studied. Our previous study found that phenolic derivatives,
furan compounds, nitrogen-containing compounds, toluene,
and caffeine were the major volatile constituents in the smoke
condensate [9]. Twenty-eighty volatile compounds were identi-
fied [9].Nevertheless, canesugarwasmixedwithblacktea leaves
and bread flour in other studies. The role of cane sugar (sucrose)
and its reactionwith black tea leaves or bread flourwas notwell
elucidated. There is also insufficient understanding of the
mechanisms associated with the flavor formation from these
smoking ingredients used for smoked large yellow croaker.
Therefore, the goal of the current study was to characterize the
volatile compounds in smoke condensate from different ingre-
dient combinations of three smokingmaterials to evaluate how
these ingredients are associated with the formation of flavor.Fig. 1 e Schematic diagram for the liquid smoke generation
device.2. Materials and methods
Black tea leaves, cane sugar, and bread flour were purchased
from a local grocery store. Standard chemical com-
poundsdfurfural, 5-methyl-2furfurancarboxyaldehyde, phenol,
2-methylphenol, 3-methylphenol, 2,5-dimethylphenol, and
caffeinedwere purchased from Sigma Aldrich Fluka (USA). All
reagents used were of analytical grade.
2.1. Liquid smoke generation
A schematic diagram for the liquid smoke generation device is
shown in Fig. 1. The smoke generation was carried out in an
all-glass laboratory smoke generator consisting of a 300-mL
round-bottomed flask with a three-way connecting tubejoined to awater-cooled condenser and two thermometers. The
temperature (center temperature) was measured with one
thermometer positioned at the very center of a 50-g combina-
tionmixtureof three ingredients, black tea leaves (B), canesugar
(S), andbreadflour (F; 1:1:1) inweight.Sevensmokecondensates
(B, S, F, B&S, B&F, F&S, B&S&F) were produced using different
combinations of three smoking ingredients. Another ther-
mometer was positioned at the bottom of the flask. The flask
was placed in a rheostat-controlled heating mantle (Newlab
Instruments Co., Ltd., New Taipei City Government, Taiwan).
Thebottomsmokingmixturewasheated to400 C. It tookabout
10minutes to reach 400 C for the bottom thermometer and the
heatingmantlewas then adjusted tomaintain the temperature
for 10minutes. The center temperature is about 100 C less than
that of the bottom temperature depending on the ingredient.
The volatile smoke was condensed and collected in 50 mL of
distilled water for 10 minutes after the bottom temperature
reached 400 C. The resulting smoke condensate were capped
and held at 4e7 C for 2 weeks to reach equilibration prior to
solvent extraction followed by gas chromatography and mass
spectrometry (GC-MS) analysis.
2.2. pH Measurement
The smoke condensate solution was filtered with a Whatman
number 1 filter paper prior to pHmeasurement to remove any
adhesive residue. A combination electrode, standardized be-
tween pH 4.0 and 7.0 and attached to a pH/ion analyzer 255
(Corning Scientific Company, Corning, NY, USA), was inserted
into the smoke condensate solution. After equilibration for
30 seconds, the pH was recorded.
2.3. Analysis of smoke condensate by GC-MS
The flavoring fractions of the aqueous preparations were
isolated by liquideliquid extraction using ethyl alcohol/ben-
zene (1:2) as a solvent. This organic solvent was chosen for its
high efficiency in extracting aromatic compounds because of
its high volatility [10]. Then, the extracting solvent was
evaporated under a chemical fume hood. Extracts were dis-
solved in 1 mL dichloromethane, and the solution was filtered
prior to GC-MS analysis. One microliter of extracted
dichloromethane solution was injected into a GC-MS (QP2010,
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compounds were separated with a 30 m  0.25 mm inside
diameter, 0.25 micrometer film thickness silica capillary col-
umn DB 5 (5% Diphenyl 95% Dimethylpolysiloxane)(J. & W.
Scientific, Inc., Folsom, California, USA). Helium was used as
the carrier gas at a purge and column flow rate of 3.0 and
0.82 mL/min with an injector volume of 1 mL in an 1:50 split
ratio. The injector port and detector were set at 250 C and
290 C, respectively. The column temperature program began
at 45 C and increased at 5.0 C/min to 290 C. Then the column
was maintained at 290 C for 1 minute. Compound scanning
by mass spectrometry was made at an inlet temperature of
250C, an ionization current of 300 mA and a total emission of
160 mA with a chamber voltage of 70 eV. Compounds were
identified using standard chemicals and by comparing mass
fragmentation patterns and retention times with the NIST98
(US Environmental Protection Agency, 1998) and NIST02
(SHIMADXU, Shimadzu Company, Tokyo, Japan) mass spec-
tral Data Base Library in the GC-MS data system of the
Department of Chemistry at National Cheng Kung University
(Tainan, Taiwan). Analysis was performed in duplicate.3. Results and discussion
3.1. Properties of smoke condensate
Seven smoke condensates were produced using different
combinations of three smoking ingredients (Table 1). The
color of the smoke condensate solutions gradually changed
from a gold color to light peach, then dark peach to dark
brown during equilibration. The smoke condensate still had a
distinctive delightful odor after 2 weeks of equilibration. A
dark brown layer of sedimentation, which may be composed
mainly of lignin monomers and dimmers, formed at the bot-
tom of the smoke condensate after the 2 weeks of storage [11].
The color changes could be caused by oxidation of phenolic
and furan compounds [12]. There are sufficient nitrogen-
containing compounds from the bread flour in the liquid
smoke generator to be responsible for Maillard browning re-
actions. Among these volatile compounds, methylpyrazine
can be formed by the Maillard reaction in several foods
through extrusion cooking, roasting, or by other thermal
processes, as well as in some cases by fermentation [13]. The
pH of smoke condensate generated from black tea leaves is
7.67, and that of smoke condensate generated from black tea
leaves and bread flour is 5.47, which is below pH 7. The pH of
smoke condensate generated from bread flour is 4.17, which
may be due to acid contents such as acetic, propionic, or
butyric acids, but they are not listed in Table 1 because acids
elute faster than nonpolar compounds on DB 5 (5% Diphenyl
95% Dimethylpolysiloxane) column. The pH of a smoke
condensate generated from a mixture of three smoking in-
gredients gave the lowest pH (3.74) for its higher concentration
of acids than other ingredient combinations.
3.2. Volatile constituents of smoke condensates
Seventy-three volatile compounds were identified in seven
smoke condensates. These include 33 ketones, 8 furans, 1hydrocarbon, 7 alcohols, 6 phenols, 3 aldehydes, 5 pyrazines, 2
pyridines, 2 pyrroles, and 1 sulfur-containing compounds and
5 compounds weremiscellaneous (Table 1). Some compounds
remained unidentified; nevertheless, some comprised a large
part of total area percentage. Most of the identified com-
pounds have been reported in liquid smoke. Table 1 shows the
area percentage of the main compounds in the smoke con-
densates from different smoking ingredient combinations. All
of these main compounds might be generated from sugar,
carbohydrates, and black tea leaf lignin thermal degradation.
Caffeine (67.8% area) dominates all the other major volatile
compounds in black tea leaf smoke condensate and its
mixture with bread flour smoke condensate (70.5% area, Table
1). There is no caffeine peak detected in the smoke condensate
of bread flour or cane sugar (Table 1). Thus, the presence of
caffeine in large concentrations in all smoke condensates
containing black tea leaves must be emphasized (Table 1).
Caffeine could be volatized during black tea leaf heating and
detected for the first time and it can add to the smoke
flavoring due to its bitter taste. Caffeine has been found in
high concentrations in fresh, dry tea leaves and tea flowers
[14]. In addition, smoke condensates from mixtures contain-
ing black tea leaves contain a small amount of cyclo-
pentanone (0.34% area) arising from thermal degradation.
Cyclopentanone is a ketone derivative and has also been
identified in an aqueous oak smoke preparation and smoked
dried meats [15].
The highest peak areas (>23%) of furfural were identified in
smoke condensate from all mixtures containing sucrose
(Table 1). The highest concentration of furfural is also in
agreement with other wood aqueous smoke condensates [5].
Major furfural peak areas were also detected in all smoke
condensates from mixtures containing bread flour (Table 1).
Furfural has been used as an ingredient to improve flavor in
food and has been found in an extensive range of coffees, teas,
fruits, fruit juices, wine, and whiskey [16]. Furfural smells like
baked bread and it has a crust odor [16]. Furfural is generated
by the heating or acid hydrolysis of polysaccharides, which
contain hexose and pentose fragments [17]. The odor
threshold value of furfural is 3.0 mg/L (3.0 ppm) at 20 C [18].
Compounds such as 2-furancarboaldehyde, which are gener-
ated in the thermal degradation of cellulose and hemicellu-
lose, are present in high proportions in liquid smoke
flavorings [10,19e21]. Our results indicated that high amounts
of furan derivatives present in smoke condensates were
generated from mixtures containing sucrose and bread flour.
5-Hydroxymethylfurfural (HMF) is a main degradation com-
pound of hexose sugars, including glucose at a low pH, and it
is used as an indicator for the heating of carbohydrate-
containing foods such as honey [17]. Our data also show that
the pH of smoke condensates obtained from cane sugar or
bread flour is lower than that of black tea leaves. Very high
peak areas of HMF up to 17.4% were found in sucrose-
generated smoke condensate in this study (Table 1). Peak
areas of HMF found in sucrose- and bread flour-generated
smoke condensate was 12.39%, and HMF found in bread
flour-generated smoke condensate was only 3.65%. This
indicated that HMF mainly came from the heating and acid
hydrolysis of sucrose rather than from those of the poly-
saccharide (starch) from bread flour. No HMF was detected in
Table 1 e Percentage area of identified compounds in smoke condensates from different smoking ingredient combinations.
Percentage area in smoke condensate (%) Retention
time (min)
Classification
of volatile
constituent
Method of
identification
Combination of ingredients (S) (S&B) (S&F) (S&B&F) (B) (B&F) (F)
Identified compounds Black tea
leaves
Black tea
leaves
Black tea
leaves
Black tea
leaves
Bread
flour
Bread
flour
Bread
flour
Bread
flour
Constituent Sucrose Sucrose Sucrose Sucrose
Pyridine 1.73 0.83 3.154 Pyridine GC/MS
Unknown 0.43 3.156
(E)-3-Penten-2-one 0.34 1.11 1.15 3.232 Ketone GC/MS
Pyrrole 4.37 2.25 3.468 Pyrrole GC/MS
2-Methylfuran 0.09 0.12 0.48 3.470 Furan GC/MS
1-Hydroxy-2-butanone 0.17 0.53 3.706 Ketone GC/MS
1-Hydroxy-2-propanone 0.53 4.032 Ketone GC/MS
3,3-Dimethyl-2-pentanone 0.16 4.033 Ketone GC/MS
Cyclopentanone 0.49 0.34 0.67 0.56 4.170 Ketone GC/MS
Unknown 1.13 4.243
4,4-Dimethoxy-cyclohexanol 0.39 4.300 Alcohol GC/MS
1-Ethyl-1H-pyrrole 0.42 4.637 Pyrrole GC/MS
2-Methylpyridine 0.69 0.71 4.704 Pyridine GC/MS
Methylpyrazine 0.34 0.47 4.912 Pyrazine GC/MS
2-Furancarboxaldehyde(furfural) 53.2 42.9 23.1 46.08 3.01 6.51 5.056 Furan Standard
chemical & GC/MS
2-Cyclopenten-1-one 0.70 5.065 Ketone GC/MS
2,3-Pentanedione 0.35 5.117 Ketone GC/MS
Unknown 0.41 5.132
2-Methyl-1-butyl acetate 1.31 5.230 Miscellaneous GC/MS
Unknown 0.59 5.307
Unknown 0.16 5.327
2-Furanmethanol 0.09 0.90 0.73 1.24 0.95 1.15 5.435 Alcohol GC/MS
2-Butanone 0.17 5.486 Ketone GC/MS
2-Ethylbutanal 0.13 0.30 5.527 Aldehyde GC/MS
1-(Acetyloxy)-2-propanone 1.11 0.77 0.69 0.66 5.744 Ketone GC/MS
3-Methyl-2-heptanone 1.02 5.746 Ketone GC/MS
5-Methyl-2(3H)-furanone 0.83 0.81 5.799 Ketone GC/MS
2-Cyclopentene-1,4-dione 0.30 0.43 0.55 6.146 Ketone GC/MS
2-Methyl-2-cyclopenten-1-one 0.51 0.44 0.74 0.67 0.75 0.61 6.761 Ketone GC/MS
1-(2-Furanyl)-ethanone 0.57 1.89 3.05 3.09 1.00 1.13 2.56 6.885 Ketone GC/MS
2,6-Dimethylpyrazine 0.62 6.979 Pyrazine GC/MS
1,2-Cyclopentanedione 0.66 7.256 Ketone GC/MS
2,5-Hexanedione 0.20 0.32 7.319 Ketone GC/MS
Methyl levulate 1.16 7.324 Miscellaneous GC/MS
1-(Acetyloxy)-2-butanone 1.37 7.334 Ketone GC/MS
Unknown 0.30 7.468
(continued on next page)
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Table 1 e (continued )
Percentage area in smoke condensate (%) Retention
time (min)
Classification
of volatile
constituent
Method of
identification
Combination of ingredients (S) (S&B) (S&F) (S&B&F) (B) (B&F) (F)
Identified compounds Black tea
leaves
Black tea
leaves
Black tea
leaves
Black tea
leaves
Bread
flour
Bread
flour
Bread
flour
Bread
flour
Constituent Sucrose Sucrose Sucrose Sucrose
2-Cyclohexen-1-one 0.11 7.495 Ketone GC/MS
5-Methyl-2(5H)-furanone 0.64 0.39 7.565 Ketone GC/MS
Unknown 0.99 0.60 0.55 7.600
5-Hexen-2-one 0.35 7.661 Ketone GC/MS
2,3-Dihydro-2,5-dimethylfuran 0.66 7.703 Furan GC/MS
Dihydro-3-methylene-2,5-furandione 0.25 0.67 0.63 7.920 Ketone GC/MS
5-Methyl-2-furancarboxaldehyde 1.63 9.82 16.92 1.98 2.84 8.380 Furan GC/MS
2-Methyl-3-pentanone 2.86 8.412 Ketone GC/MS
1-(Acetyloxy)-2-butanone 6.51 8.467 Ketone GC/MS
Vinyl propionate 14.2 6.38 8.485 Miscellaneous GC/MS
Phenol 1.47 1.05 1.02 4.09 2.36 1.83 8.775 Phenol Standard
chemical & GC/MS
2-Furyl anhydride 0.25 8.817 Furan GC/MS
Unknown 0.50 0.70 8.947
4-Methylthiobutan-2-one 0.78 9.158 Sulfur-containing
compound
GC/MS
2,5-Dihydro-3,5-dimethyl-2-furanone 0.17 0.36 0.30 9.369 Ketone GC/MS
3-Methyl-1,2-cyclopentanedione 0.36 0.59 0.64 0.51 3.40 10.160 Ketone GC/MS
2-Cyclohexene-1,4-dione 1.06 10.219 Ketone GC/MS
(E)-2-Hexen-1-ol 0.71 10.317 Alcohol GC/MS
2-Acetyl-5-methylfuran 0.27 0.72 0.38 10.490 Furan GC/MS
2,3-Dimethyl-2-cyclopenten-1-one 0.24 0.35 0.34 0.57 10.550 Ketone GC/MS
4-Methyl-1-penten-3-ol 1.15 0.82 10.566 Alcohol GC/MS
Unknown 1.06 10.683
4-Cyclopentylidene-2-butanone 0.23 10.829 Ketone GC/MS
Phenylacetaldehyde 0.97 0.65 0.76 10.894 Aldehyde GC/MS
2-Methylphenol 0.42 1.16 0.71 0.54 0.99 10.993 Phenol Standard
chemical & GC/MS
Unknown 0.30 11.036
Unknown 0.22 0.55 0.98 11.362
6-Pentyl-2H-pyran-2-one 0.40 11.543 Ketone GC/MS
3-Methylphenol 0.91 2.29 0.52 1.81 1.21 4.47 11.693 Phenol Standard
chemical & GC/MS
3,5-Dihydroxytoluene 1.84 11.823 Hydrocarbon GC/MS
6-Methyl-2-pyrazinylmethanol 0.47 0.40 0.40 11.837 Alcohol GC/MS
Methyl-2-furoate 1.65 0.40 0.82 11.948 Miscellaneous GC/MS
Unknown 1.03 11.983
2,5-Dimethyl-4-hydroxy-3(2H)-furanone 0.87 0.83 1.63 12.099 Ketone GC/MS
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1-(1-cyclohexen-1-yl)-ethanone 0.54 12.100 Ketone GC/MS
2-Methoxyphenol 1.12 12.144 Phenol GC/MS
7-Tetradecen-1-ol 0.62 0.65 12.464 Alcohol GC/MS
Maltol 0.37 0.48 3.12 12.815 Alcohol GC/MS
3-Ethyl-2-hydroxy-2-cyclopenten-1-one 1.47 12.867 Ketone GC/MS
2,5-Dimethylphenol 0.12 0.87 13.950 Phenol Standard
chemical & GC/MS
Unknown 0.81 14.276
3-Ethylphenol 0.23 0.92 14.479 Phenol GC/MS
4-(5-Methyl-2-furanyl)-2-butanone 0.83 14.544 Ketone GC/MS
3,5-Dihydroxy-2-methyl-4H-pyran-4-one 3.28 15.251 Ketone GC/MS
2,3,4,5-Tetramethyl-2-cyclopenten-1-one 0.16 15.276 Ketone GC/MS
Unknown 1.21 16.078
3-Methyl-2-furoic acid 1.91 2.47 16.115 Miscellaneous GC/MS
Unknown 2.94 16.209
5-(Hydroxymethyl)-2-furancarboxyaldehyde 17.4 7.45 22.33 4.17 3.65 16.355 Furan Standard
chemical & GC/MS
5-Acetoxymethyl-2-furaldehyde 0.14 0.40 1.21 18.469 Aldehyde GC/MS
5-(2-Furanylmethyl)-2-furancarboxaldehyde 0.15 22.121 Furan GC/MS
Unknown 0.49 26.671
5-Methyl-2-furanmethanethiol 0.94 26.957 Sulfur-containing
compound
GC/MS
3,4-Furandimethanol 0.37 29.643 Furan GC/MS
5-Acetoxymethyl-2-furaldehyde 0.44 30.465 Aldehyde GC/MS
Caffeine 23.0 11.86 67.8 70.5 32.393 Miscellaneous Standard
chemical & GC/MS
Hexahydro-3-(2-methylpropyl)-pyrrolo
(1,2-a)pyrazine-1,4-dione
0.56 14.72 34.064 Pyrazine GC/MS
5,10-Diethoxy-2,3,7,8-tetrahydro-1H,6H-
Dipyrrolo(1,2-a:10;20–d)pyrazine 0.79 8.60 34.113 Pyrazine GC/MS
Unknown 1.70 34.349
2-Hexanoylfuran 0.32 34.699 Furan GC/MS
Unknown 17.5 0.36 0.47 36.862
Unknown 1.84 40.453
Hexahydro-3-(phenylmethyl)-pyrrolo
(1,2-a)pyrazine-1,4-dione 3.77 11.54 41.900 Pyrazine GC/MS
Unknown 0.54 0.37 1.32 1.33 1.52 42.293
Combination of ingredients (S) (S&B) (S&F) (S&B&F) (B) (B&F) (F)
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HMF would not mainly come from thermal pyrolysis of lignin
and cellulose. Furfural and 5-methyl-2-furancarboxaldehyde
are described as sweet odors [22] and generated by thermal
pyrolysis of cellulose. Our results also proved that both
furfural and 5-hydroxymethylfurfural mainly come from the
heating and acid hydrolysis of sucrose. It is also important to
note that HMF (22.33%) and furfural (23.1%) are the two high-
est peak areas among all volatile compounds found in the
smoke condensate generated from bread flour plus sucrose.
All three of these volatile compounds are the products of
heating and acid hydrolysis of the polysaccharide. Neverthe-
less, hydroxymethylfurfural was not found in sucrose- or
bread flour-generated smoke condensate alone.
2-Furanmethanol, furfural, and HMF were found in very
small proportions in six commercial smoke flavorings [23].
Sugars are major components at levels of up to 20% weight in
natural tobacco [24]. Talhout et al. [25] reported several toxic
and carcinogenic smoke components were produced from
sugars, including HMF. Sugars enhance the level of acetalde-
hyde, acetone, acrolein, formaldehyde, and 2-furfural in to-
bacco. Talhout et al. [25] reported that sugars in tobacco
obviously add to the adverse health effects of tobacco smok-
ing. These results seem to reflect that sucrose is not a safe
ingredient for smoking. HMF is cytotoxic and will cause irri-
tation to skin, mucous membranes, eyes, and upper respira-
tory tracts. An oral LD50 (lethal dose, 50%) of 3.1 g HMF/kg body
weight in rats was reported by Ulbricht et al [26]. Most Chinese
cooks generally avoid inhaling the smokewhen smoking large
yellow croaker and chicken for the first 2 minutes. HMF is a
common product of theMaillard reaction involved in reducing
sugars and amino acids. HMF was in the smoke condensate of
bread flour (3.65% area), and the smoke condensates of all
mixtures containing sucrose (>4.17% area, Table 1). Caramel
products, dried fruits, juices made from dried plums, chewing
tobacco, cigarette smoke, and wood smoke have been re-
ported to contain high concentrations of HMF [27]. 2-
Fruanmethanol and furfural are major smoke volatiles iden-
tified in smoke-dried meats [15]. Small amounts of 2-
furanmethanol (1.24% area) and 1-(2-furanyl) ethanone
(3.09% area) were also present in the smoke condensate from a
combination of cane sugar, black tea leaves, and bread flour
(Table 1). Maltol, a pyran derivative, has only been identified in
small amounts (0.48% area) in the mixture’s smoke conden-
sates, but the level of maltol is high (3.12% area) in the bread
flour smoke condensate according to this research. Maltol has
also been identified in sage liquid smoke and commercial
smoke flavoring [23]. Pyran and furan derivatives could soften
the heavy aromas accompanied by phenolic volatile com-
pounds [28]. The formation of furan and pyran compounds
can be explained by enolizations and dehydration reactions of
carbohydrates [17].
Phenol was also identified in each smoke condensate from
sucrose, black tea leaves, and bread flour combinations.
Small peak area (4.09%) of phenol was found in black tea leaf
smoke condensate, which was higher than that from all
ingredient combination groups (Table 1). Phenol was found
in bread flour- and black tea leaf-generated smoke conden-
sate but not in sucrose-generated smoke condensate.
3-Methylphenol (4.47% area) was found in bread flour smokecondensate and it was not detected in sucrose-generated
smoke condensate (Table 1). This finding confirmed that
phenol was generated by thermal pyrolysis of lignin or
hemicellulose of black tea leaves and bread flour. Phenol and
its derivatives, which, with cresol, primarily contributed a
pungent and smoky flavor [29], were identified in less than a
5% area of all identified volatile compounds in the smoke
condensates (Table 1). The concentration of phenol and its
derivatives is low in liquid smoke [11] and its odor threshold
is also low (phenol is 40 ppb) [30]. The odor threshold values
of guaiacol, o-cresol, and p-cresol are between 0.1 mg/m3 and
1 mg/m3 (10e6 ppm) [31]. Phenol derivative compounds iden-
tified in this research include phenol, 2-methylphenol,
3-methylphenol, 2-methoxyphenol, 2,5-dimethylphenol, and
3-ethylphenol. They have been identified as the main flavor
components in dichloromethane extract in commercial
liquid smoke [32]. Except for 2-methoxyphenol, those were
also identified in aqueous oak, and sage smoke preparation
smoke condensates [6]. 2-Methoxyphenol was only detected
in black tea leaf- generated smoke condensate (Table 1).
Phenol and guaiacol, which are generated by thermal pyrol-
ysis of lignin, have also been identified in a special smoked
Lapsan Souchong black tea [33]. Methoxyphenols are the
basic structural units of plant lignin [29]. Among these
compounds, guaiacol (2-methoxyphenol) derivatives are
characterized with an antioxidant activity [34]. Guaiacol has
also been identified in a higher concentration in aqueous
smoke flavoring preparations among guaiacol derivatives [5].
Yu and Sun [35] reported that the concentration of phenol
was high in Chinese conventional smoke-cured bacon. A
smoky odor is also associated with alkyl derivatives of
syringol and guaiacol [10].
The major composition of a three-ingredient mixture
smoke condensate is different from that of a smoke conden-
satemade from the smoke generation of bread flour and black
tea leaves. A pungent odor is related to phenol, methylphenol,
and 2,4-dimethylphenol [22]. A cresolic odor is attributed to
2,4-dimethylphenol [22].
Among the volatile components are phenolic derivatives,
including phenol, 4-methylphenol, and furan derivatives,
dominated by furfural and 5-methyl-2-furancarboxaldehyde.
Some authors have proposed that the proportion of phenol
derivatives is approximately 25% in a solid smoke flavoring
preparation [34] and 65% in an aqueous smoke flavoring
preparation [10]. Small peak areas of 2-methylphenol and 3-
methylphenol were detected in bread flour and sucrose
combination, which were higher than all the other combina-
tion groups (Table 1).
Kuriyama et al. [36] claimed pyrolysis of lignin should
occur at the range of 310e500 C in wood and secondary re-
actions of the pyrolysis occur at about 200 C. Our previous
results suggested subpyrolysis of black tea leaf lignin, sugar,
or flour has already occurred in the range of 280e400 C in the
flask because phenolic derivatives were produced [9]. A cel-
lulose pyrolytic process occurs at around 280e320 C and
lignin degradation at 400 C [5]. The change in the volatile
profile may be caused by secondary reactions, including
oxidation, polymerization, condensation, and pyrolysis. Tak-
ing into account the components cited previously, the flavor
of this smoke condensate will be principally due to phenol
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pungent, and smoky [36].
The identified volatile constituents in smoke condensate
from smoked large yellow croaker also support ferulic acid as
an intermediate agent in the pyrolysis of lignin [37]. Oxygen-
ated products, such as vanillin, acetovanillone, and vanillic
acid, were not formed in the limited-oxygen atmosphere of
this study. Guaiacol was present in the black tea leaves’ smoke
condensate, although the preparations were subjected to an
inadequate air atmosphere.
Large peak areas of vinyl propionate found in sucrose plus
black tea leaf smoke condensate was 14.2%, and vinyl propi-
onate, also in bread flour-generated smoke condensate, was
6.38%. Vinyl propionate was not detected in other smoke
condensate samples (Table 1). It is identified for the first time
in smoke condensate.
The nitrogen content of bread flour is 2.08%, and pyrazines
were found in the liquid smoke of bread flour at high levels.
Pyrazines are thought to form mainly from heat-processed
condensation between sugar and amino acids through
Strecker degradation [38]. The concentrations of pyrazines in
food products are at levels of 0.001e40 ppm. A contribution of
pyrazines to a range of roasted, toasted, or heated flavors has
been mentioned [12]. Some pyrazines have been previously
detected in smoke flavorings and extruded cereals [3]. Pyrazine
will contribute nutty, toasted, and roasted flavor properties to
liquid smoke [13]. Themajor pyrazines identifiedwithmixtures
were methylpyrazine, 2,6-dimethylpyrazine, hexahydro-3-
(phenylmethyl)-pyrrolo(1,2-a)pyrazine-1,4-dione, and hexahy-
dro-3-(2-methylpropyl)-pyrrolo(1,2-a)pyrazine-1,4-dione. How-
ever, the concentration of these compounds in the smoke
condensate of amixture of three ingredients was small. Smoke
condensate from black tea leaves generated methylpyrazine
(0.34% area) and 2,6-dimethylpyrazine (0.62% area, Table 1);
they might be formed by Strecker degradation. Both methyl-
pyrazine and 2,6-dimethylpyrazine have been identified in
liquid sage smoke in small amounts [11]. Dimethylpyrazines
produced a roast nut aroma. Aroma thresholds of 2,5-dimethyl
pyrazine are 1.8 ppm in water [39]. The presence of bread flour
tremendously increased the amounts of hexahydro-3-(2-
methylpropyl)-pyrrolo(1,2-a)pyrazine-1,4-dione (14.72% area)
and hexahydro-3-(phenylmethyl)-pyrrolo(1,2-a)pyrazine-1,4-
dione (11.54% area) in the bread flour smoke condensate.
These two pyrazine compoundsmay not be formed by Strecker
degradation, and these two compounds might be produced via
degradation and cyclization of peptides at acid condition (pH
4.7) and high temperature (400 C). Cyclic dipeptides have
antifungal activity, antibacterial function, inhibition of plas-
minogen activator inhibitor-1, cytotoxicity, and phytotoxicity
[40]. It is commonly accepted that pyrazine composition is
influenced by smoke generation, air supply, and sawdust
moisture content [3]. Pyrazine derivatives have also been
identified and described as having a roasted and nutty odor in
Dong-Ding Oolong tea, tobacco, and tobacco smokes [32].
In addition to the pyrazine derivatives, 2-methylpyridine in
small portions has been detected in smoke condensates from
bothblack tea leavesandamixtureofblack tea leavesandflour.
The nitrogenated compound, 2-methylpyridine, was detected
in four commercial smoke flavorings [23] and smoked dried
meats [15]. Pyridines, pyrazines, furans, cyclopentanones, andphenoic compounds are typical compounds of wood smoke
[12,29].4. Conclusions
The volatile compositions of black tea leaves, bread flour, and
sugar for smoke condensates vary with each smoking ingre-
dient. Subpyrolysis of black tea leaf lignin occurs at a tem-
perature range of 280e400 C in a flask. Different smoking
ingredients used in this study did influence the main con-
stituents of smoke condensate. Data indicate that the main
volatiles from smoke condensate of threemixture ingredients
are furan derivatives and caffeine. There are large amounts of
caffeine, furfural, and 5-hydroxymethylfurfural from the
smoking components of sucrose, black tea leaves, and bread
flour. The pH of a smoke condensate will be decreased by
sucrose and bread flour but not by black tea leaves. Very high
peak areas of pyrazine derivatives, up to 14.72%,were found in
smoke condensate from bread flour. Pyrazines have also been
identified in the volatile composition of aqueous black tea
leaves’ smoke preparation.
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